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Report No.  1 

1. Titlej 

2. Object -i 

Legibility of airoraft instrument dials:    the  relative legi- 
bility of manifold pressure indicator dials* 

To obtain objective data that will provide specifications 
for optimum legibility of aircraft manifold pressure dials. 

3.    Conclusions and recommendations: 

a. 771th ultraviolet light the standard manifold pressure indicator 
dial (AC Type D-10) exhibits an improved legibility v/hen the small numbers 
at the mid-division marks are obscured. 

b. A manifold pressure dial with \/k. inch numbers is superior to a 
dial with 3/l6 inch figures.    It appears desirable to compress the width 
of the numerals  in relation to their height in order that the association 
between a particular number and its appropriate division mark is of optimal 
'clarity. 

c. It has been demonstrated that the starting point of a scale can be 
shifted considerably without affecting the dial's legibility. 

d. Vfithin certain limits, the legibility of a dial appears to be 
closely associated with the angular spacing of the division marks.    Two 
scales which have a difference in the angular spacing of the division marks 
that is only about one and a half degrees  exhibit a statistically signi- 
ficant difference. • 

Report by: 

ROGfe 3. LOUCKS,  Ph.D. 

Approved: 
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Project Report 

Project No. 325 

Report No.  1 

1.     Title: 

7 December 19W+ 

2.     Object: 

Legibility of aircraft instrument rH*ls:    the   relative legi- 
bility of manifold pressure indicator dials. 

To obt"!lc. abjective data that Trill provide specifications 
for optimum legibility of aircraft manifold pressure dials, 

3.    Conclusions and recommendations: 

a. With ultraviolet light the standard manifold pressure indicator 
dial (AC Type D-10) exhibits an improved legibility when the small numbers 
at the mid-division marks are obscured. 

b. A manifold pressure dial with 1/2* inch numbers is superior to a 
dial with 3/l6 inch figures.    It appears desirable to compress the width 
of the numerals in relation to their height in order that the association 
between a particular number and its appropriate division mark is of optimal 

• clarity. 

c. It has been demonst.rated that the starting point of a soale can be 
shifted considerably without affecting the dial's legibility. 

d. VJlthin certain limits, the legibility of a dial appears to be 
closely associated with the angular spacing of the division marks.    Twc 
scales whioh have a difference in the angular spaoing^ of the division marks 
that is only about one and a half degrees exhibit a statistically signi- 
ficant difference.- ' 

Report by: 

ROGER 3. LOUCKS,  Ph.D. 

Approved: 

ARTHUR W. HELTON,  Lt.  Col./Xc. 

Approved: 

PAuL A.  CAI^PBELL,  Lt.Col.,  M.C., 
Acting Ccmmandant. 
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Discussion: 

In this series of studies the relative legibility of a dial is con- 
sidered to be indicated by the accuracy vfith v*iich a series of pointer 
settings  can be read during brief exposures.     In any comparison of a pair 
of aircraft instruments,  the dial -which yields the fewer errors  is  con- 
sidered  oo be the more legible*    The experimental routine for these studies 
has been described in Reports No.  1 and No. 2 of Project 265,  <ind in 
Report No. 1, Project 286, AAF School of Aviation Medicine.   -The testing 
procedure may be briefly described as foliows:    Four instrument  dial 
assemblies, mounted in a row en a masonite panel, are exposed in an 
irregular sequence which is the  same for each subject.    The two dials -whose 
relative legibilities are being measured tire always placed centrally.    In 
each comparison half of the subjects are tested with a particular dial in 
the left central position and half of the  subjects aro tested with that 
dial  in the right central position,     The two outside positions aro filled 
with carburetor temperature indicators.     The  subject is thus required to 
identify the  typo of scale ho is reading as well as the numerical value of 
the  setting.    Each rubject ia required to read a total of 160 dial  sottings, 
or lj.0 settings on oach of the four dials.     The  first 12  settings comprise 
a preliminary practice series with an exposure time of /^-seconds.    The 
next 68 trials, with an exposure time of l.^-seconds, are considered to 
constitute an additional practioo series which prepares the subjocts for 
the  short interval  readings in the last and crucial  series.     The last 
series of 80 trials with 20 settings per dial and an exposure interval  of 
.75~seconds provides the critical data for evaluating the relative legi- 
bility of the two dials being compared.    The  subjocts employed in this 
study consisted of qualified aircrew trainoos with LO-hours or less of 
pilot training and no specific  instrument instruction.    Naive subjects 
were not available for all of the measurements so that in certain compari- 
sons subjects wore employed who had taken part in tho dial  reading project 

v '       several weeks before,     In no case,  however, had any.subject who was 
employed in this experiment on manifold pressure indicators been previously 
tosted on this class of  dial. 

Results 

The appendix contains dotailed quantitative measurements for 10 com- 
parisons of tho relative legibility of various  dial assemblies.    In all 
cases the aubjeots wore required to read the manifold pressure dials to 
the nearest \/2. inoh.     In scoring the records, a reading which does not 
differ from tho calibration by more than plus or minus one division is con- 
sidered to be correct.     The quantitative  findings may be enumerated as 
follows: 

Comparison No.  1   (See Fig.  \)j     Incandescent  light.    80 experienced   . 
subjects.    Type 1 dial  (Standard manifold pressure dial, AC Type D-10) vs, 
modified dial,  Type 2, with l/8 inch numbers at tho mid-division marks 
obsoured.    V/ith incandescent light there is no significant difference in 
tho rolativo  legibility of these two  dial«s 
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Comparison Ho. 2  (See Fig, l);    Ultraviolet light.    20 experienced 
subjo«t«l     Typo 1 dial   (si?b above)  ve.   Typo 2  dial  (soe above).     Experi- 
enced subjeots  do not ,-eiater a statistically significant difference in 
the relative legibility of these two dials under conditions of ultraviolet 
light. . 

Comparison No, 2a (Sec Fig, l);    Ultraviolet light,    20 inoxporiencod 
subjocts.    Typo 1 dial  (soe above) vs. Typo 2 dial  (soe above).    Tho modi- 
fied dial vihich has tho nid-divi6ion figuros obscured is  superior to tho 
standard dial. 

Comparison No. 2b (SooFi^  l);    Ultraviolet light.    20 experienced 
subjects and 20 inexperienced subjects from the above groups.    Typo -1 dial 
(soo abovo) vs.  Typo 2 dial  (see above.)»    At an exposure intorval of .75 
seconds,  tho standard dial causos more orrors than tho dial with tho mid- 
divi sion numbers obscured, 

Comparison No. 3 (Seo Fig. 2)'i    Incandescent light.    20 inexperienced 
subjects.     Typo  1  SaT(AC typo D-10)  va.  Typo  3  dial with 3/5-6 inch x -l/32 

••      inch numbers at each fivo-inch division mark.     The  Typo 1 or standard dial 
exhibits a statistically significant superiority to Typo 3 dial with the 
smaller and more uniform figures. 

Comparison No.  U (s^e Pig.  3):     Incandescent  light.    20 inexperiencod 
subjects.     Type j  dial with 3/16 inch numbers at each five-inch  division 
mark and the starting point of the scale in the S o'clock position vs. Typo 
U dial with J>/lb inch figures andthG starting point of the a pale  in the 
6 o'clock position.     There is no statistically significant difference 
between tho rolative  legibility of tho two dials.    Apparently tho position 
of the   starting point of this scale can be shifted considerably without 

•affocting tho overall legibility of the dial. 
» 

Comparison No, % (Soo Fig. 3)t    Ultraviolet light.    20 inexperiencod 
subjects.     Type 3  dial   (soo  just abovo)  vs.   Typo 1+ dial   (seo ju6t abovo). 
Thoro is no statistically significant difference between tho rolativo 

' legibility of the two dials under ultraviolot light. 

Comparison No. 6 (See Fig. U).»    Incandes'. t?t light.    20 inexperienced 
subjects.    Typo 1+ dial with J>/\b inch numbers u« each five-inch division 
mark and tho starting point of tho scale in tho 6 o'clock position vs. 
Type 5 dial  (AC Typo D-8) with 3/l6 inch numbers at oach fivo-inch division 
mark and tho starting point   of the scale, in tho 6 o'clock position.    Scale 
rango on Typo U dial  is 10-75.    Scale range on Typo  5 aic>l  is 10-50.     Type 
5 dial with tho shorter scale (10-50) yic?.ds a significantly fewer number 
of orrors than tao Typo 1+ dial  (10-75  scalo). 

Comparison Nos  7 (Soo Fig». 5) t    Incandescent light.'    20 inexporiencod 
; subjeo^sT   Typo 5 dial  (AC Typo D-8) with 3/1° in°h numbers at oach five- 

inch divi sion mark and tho starting point of the   scale in tho 6 otclock 
position vs.  Typo 6 dial  (AC Type D-SA.) with 3/l6 inch numbors at oach 
fivc-.-i.iich division mark and tho'starting point of tho scale in the 6 o'clock 
position.    Scale range  on Typo 5  dial  is 10-50,     Scale rango on Typo 6 dial 
is 10-60. 
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Type 5 dial -with the  shorter scale  (10-50) yields a sigr.ificr.ntly 
smaller number of errors than the Type 6 dial  (10-60 scale).     That is to 
say,  a scale. Ydth divisions  spaced at approximately S° gives  significantly 
fever errors than a scale with division n»rtC3 at 6° 25*  i|l+»U".     Tn other 
words,' a difference of approximately a degree and one-half in the spacing 
of the division lines for two dials being compared yields a significant 
difference in the relative  legibility of the two  dials. 

•   Cc~ipa'r3soh No. g (See Fig. 6);    Incandescent light.    20 inexperienced 
subjects.     Type 7  dial   (Standard fuel pressure dial, AC Type C-lijA) with 
a scale  :ar.ge of 0»i25 vs.   Type 5 dial  (Standard manifold pressure dial, 
AC  Type  B-3) with a scale  range of C--50,     Subjects were required to  read 
both dials in the  same terms,   i.e.,  to the nearest l/2 inch of pressure. 
Few errors were made on either of the above dials  and no significant 
difference in the relative legibility of the two   instruments could be 
demonstrated. 

Comparison No.  9  (See Fig.  2):     Incandescent light,     20 experienced 
subjects.     Type 1  dial   (AC 'Type  T-10) vs.   Type 3  dial with 3/16 inch x 1/32 
inch numbers at  each  five-inch division mark.     Both dials  have modified 
pointers with uniform taper starting 5/l6 inch from the tip in contrast 
with the standard hands shov/n in Fig. 2 which have a taper starting l/S 
inch from the tip.     The substitution of a pointer with less  tendency to 
obscure the numbers of Type 3 dial and the small mid-division numbers- 
of Type 1  dial has not altered the   direction of  the   differences in relative 
legibility.     Type 1 dial,  with the  large  figures,  cgain exhibits a 
statistically significant  superiority to Type 3  dial which has the smaller 
and uniform figures.    It is of interost,  perhaps,   that a majority of the 
subjects  in this comparison and in Comparison No.  3*  preferred the  dial 

\ with the larger figures to the one with the  smaller and uniform figures, 

Summary and Discussion of Results 

Kith ultraviolet light the standard manifold pressure  indicator dial 
(AC Typo  D-IO)  exhibits an improved legibility vhon the small numbers at 
the mid-division marks are obscured.     The roports  of the  subjects employed 
in this experiment and similar evidence  from tachometer dial  studies 
suggest  the t the  small numbers at the mid-division,  which are  somewhat 

I . difficult to interpret with ultraviolet  excitation,   serve to  distract the 
subject momentarily so that his  ultimate responses tend to be slowed up. 
This  confirms  the  conclusion  formulated in previous  studios  of  this project, 
namely,  that the   'cleaner'  the  dial the more logiblo it proves to be.    The 

'        „ findings also suggest that  the   ultraviolet illumination tends to create 
1        _ the more  critical  situation or limiting  condition. 

In contrast with the previously reported findings of the  second 
tachometer dial  study (Soe Report No.  2,  Project 265, AAF School  of Aviation 
Medicine),  the manifold pressure dial  with the l/l+ inch figures is  superior 
to a  dial with 3/16  inch figures.     This  cannot bo  attributed to  the  fact 
that a  standard width pointer tends to  obscure a greater proportion of the 
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small  figuros than of the large  figures.    A specific  check, made with a 
specially tapered pointer which has only a minimal  tendency to obscure 
the   smaller numbers, yields the same  type of findings as were  obtained 
from pointers with standard tips.     Tho apparont discrepancy between the 
relative  legibility of a tachometer dial with large figures and the 
relative legibility of a manifold pressure indicator with large figures 
con probably bo accounted for in terms of tho  different stylos of 
numerals which arc  employed in the two  instances.    As  it was pointed out 
in tho socond  research report on tachomctor dials,  the  stylo of the numerals 
engraved on tho tachometer dial makes it  difficult  to tell which division 
the  largo  figures aro to be associated with.     In the prosont instance,  the 
ratio of tho hoight to width of tho large numerals  engraved on the manifold 
pressure  dial   (i,o.,  a ratio greater than 1.00)  tends to obviate  this 
•difficulty. 

A manifold pressure dial which has  its  starting point in the 6 o'clock 
position doos not givo  rise to any more errors than.a dial which has its 
starting point  in the 6 o'clock position.     It would appear  that the  start- 
ing point of the  dial's  scale can be shifted considerably without affocting 
its legibility. 

Within certain limits,  the legibility of a dial appears to be  closely 
associated with the angular spacing of  tho division marks.     Thus a  dial 
with a range of 10-50 is  significantly more  legible than a  scale which 
covers the  same portion of  the  dial's  circumference but has a range of 
10-60.     Tho actual  difference in tho angular spacing of the  division marks 
in this instance is  only about  one and one-half  degrees.     On the other 
hand,  when the dial with a scale  of 10-50 is  compared with a dial  having 
a scale  of 0-25 covering the some portion of  'the  circumference there is 
no measurable  differences  in relative legibility with incandoscont light, 
-In other words,  once the dial scale has roached a  certain degree of ex- 
pansion,  i'urthor simplification docs not appear to affect its legibility. 
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IPPZNDIX 

Figure 1.       Co-parison So.  1.     Incandescent  light-    Type 1 dial  V3.  Type 2 dial. 
20 experienced subjects,  400 judgements at   .75 seconds. 

Type 1 Dial Type 2 Dial 
54 error 41 error 

Ko statistically slgnlfia&st difference  (T-va"<ue.   .71) 

See Tl. Ultraviolet light. Type 1 dial ve. Type 2 dial. 
20 experienced subjects, 40C junge:nente at .75 seconds. 

Type 1 Dial Type 2 Dial 
15< error 11< error 

No statistically significant difference (T-value, 1.8?) 

See 71g. 1. Comparison No. 2a. Ultraviolet light. Type 1 dial vs. Type 2 dial. 
20 Inexperienced subjects, 400 Judgements at .75 seconds. 

Type I Dial Type 3 Dial 
12< error ?# error 

Significant difference at ?<  level (T-value, 2.46) 

See Tig. 1. Comparison So. 2b. Ultraviolet li^ht. Type 1 dial vs. Type 2 dial. 
20 experienced and 20 inexperienced subjects fro.a above groups. 
800 judgeaents at .75 seconds. 

Type 1 Dial Type 2 Dial 
13<C error Bi  error 

Significant difference at 1< level (T-value, 3.15) 
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Tigure 2.      Co^roariscn So. 3.    Incandescent light.    Type 1 dial vo. Type 3 dial. 
20 inexwrieaced subjectJ,  400 judgements at  .75 seconds. 

MAUfOLO 
PRESSURE 

Type 1 Dial Type 3 Dial 
6* error 154 error 

Significant  difference at  1-..  level   (T-value, 4.29) 

Figure 3.      Comparison Ho. 4.    Incandescent light.    *yxm 3 dial vs.  Type 4 dial, 
20 inexperienced subjects, 400 judgements at   . 75 seconds. 

Type 3 Dial Type 4 Dial 
18< error 16$ error 

No statistically significant difference  (T-vsluc.   .74) 



See  Fig.  3,       Corrparison V.z.   5.     lltraviolet   light.     Type 2  dial ve.   Type 4 dial. 
2C  ir-e^-erie-cei rejects,   40C JudgeJ»ats at   .75 seconds. 

Tyre c  rial Type 4 Dial 
4C4 error 3S< error 

No  statistically significant difference   (T-value,   1.17} 

Figure 4.      Co.-parisD.: "i.  £.     Ir.candescent light.    Type 4 dial vs.  Type 5 dial. 
2C inexperienced subjects,   420 judgements at   .75  seconds. 

PpL-cr   .Nek. 
•SORE      4° 

10    US 

Type 4 Dial 
20< error 

Significant difference a1 14 1 eve I 

Type 5 Dial 
12^ error 

'-value,  3.09) 

Fig-ore  5.      Ccrrpariscn "Jo.  7.     Incandescent   light.    Tyoe 5 dial  vs.  ' 
2C  inexperienced subjects,   40C judgements  at   .7=   seconds 

dial 

Type 5 Dial Type 6 Dial 
12< error 21* error 

Significant difference at 1< level  (T-value,  2.96) 



APPENDIX 

Figure 6.       Comfiftr 1 non No,  R.     Incandnrtcvnt   li,''V-.     r.voe 
20  Inexperienced   pubjects,   400 J -x I • •• writ';  at 

(I lal   vn .   Typo 
'.<  secondB . 

dial 

Tyos 5 Dial Typo 7 Dial 
11?  error 9^ error 

No  eta' istlcally   significn.nl  difference   (T-vnVie.   l.'lO) 

See  J'ig.  2.     Comparison No.   rK     Inomdesc^nt  light.     Tyne  1  dial  va.  Type 3  dial. 
Modified   oointern   on  both  dial with   uniform t   nor  starting 5/l6" 
fro.il tic,   in  contrast  rith hands   shown   In Flfiire  2.     20 exnerienced 
subjects,   4'T) Judgements at   .75 seconds. 

Type  1  Dial Type 3 Dial 
It error 6* error 

Significant   difference  at   1*  level   (T-value,   4.13) 
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